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Claim 

1. Aluminum alloys with excellent pressure resistance for casting, containing 4-13 wt% 
silicon, 0.1-2 wt% magnesium, 0.001-0.01 wt% calcium, the balance being aluminum and 
impurities, and the iron content in the impurities being 0.2-0.8 wt%. 

2. Aluminum alloys with excellent pressure resistance for casting, containing 4-13 wt% 
silicon, 0.1-2 wt% magnesium, 5 wt% or less copper, 0.001-0.01 wt% calcium, the balance being 
aluminum and impurities, and the iron content in the impurities being 0.2-0.8 wt%. 

3. Aluminum alloys with excellent pressure resistance for casting, containing 4-13 wt% 
silicon, 0.1-2 wt% magnesium, 0.001-0.01 wt% calcium, and furthermore containing at least one 
of 1 wt% or less manganese and 3 wt% or less nickel, the balance being aluminum and 
impurities, and the iron content in the impurities being 0.2-0.8 wt%. 

4. Aluminum alloys with excellent pressure resistance for casting, containing 4-13 wt% 
silicon, 0.1-2 wt% magnesium, 5 wt% or less copper, 0.001-0.01 wt% calcium, and furthermore 
containing at least one of 1 wt% or less manganese and 3 wt% or less nickel, and the balance 

— being aluminum and impurities, andjhe irqn_cqntent m the impurities being 0.2-0.8 wt%. 
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Detailed explanation of the invention 
Industrial application field 

The present invention pertains to aluminum-silicon-magnesium-copper-based alloys or 
aluminum-silicon-magnesium-based alloys with excellent pressure resistance for casting that are 
suitable for mechanical parts requiring a tight pressure seal, such as engine non-block parts of 
automobiles, ships, vehicles, etc. 

Prior art 

Generally speaking, aluminum-silicon-magnesium-based alloys which can be represented 
by JIS standards AC4A, AC4C, etc., and aluminum-silicon-magnesium-copper-based alloys 
which can be represented by AC4D, AC8A, AC8B, AC8C, etc., have good castability, and they 
can attain excellent mechanical properties and pressure resistance by heat treatment, therefore 
they have been widely used for casting engine non-block parts such as pistons, hydraulic parts, 
safety parts, and other mechanical parts in automobiles, ships, vehicles, etc. 

Problems to be solved by the invention 

However, with the increase of iron content in these aluminum alloys, the pressure 
resistance of castings drops rapidly and often there is the danger of generating defects such as 
lack of pressure tightness of casting parts, which is a problem. 

According to the investigation conducted by the present inventors, it became clear that 
this phenomenon was abnost not observed at all when the iron content in the alloys was 0.2% or 
less; however, when it exceeded 0.2%, the phenomenon appeared now and then, and when it 
exceeded 0.4%, the tendency became remarkable. 

Generally in foundries, from the standpoints of conserving resources and reducing costs, a 
large amount of a base alloy prepared by mixing scrap with a primary base alloy, which is called 
a new block, and a secondary base alloy with scrap as a main constituent have been used. 
However, it is common for scraps to contain a large amount of iron as an impurity, therefore in 
foundries when the aforementioned alloys are used for the aforementioned purposes, especially 
when they are used in engine non-block parts which require excellent pressure resistance, such as 
pistons in automobiles, ships, etc., it is necessary to adjust the iron impurity content to as small 
as possible, to 0.4% or less, therefore the alloy mixing procedure is very complicated and it 
causes an increase in costs, thus it is undesirable. 

Also, in cast parts having complicated shapes, with the increase of iron content in the 
alloys, it was easy for poor^ressi^e-resistant regions to form in slow- solidifying parts of thick " 
regions of the alloys. Li order to prevent this, it was necessary to carry out strict directional 
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solidification, thus it was problematic in requiring special measures in the design of [casting] 
molds and casting plans. 

The present inventors carried out extensive study on the causes of the drop in pressure 
resistance of castings with the increase of iron content in aluminum-silicon-magnesium-based or 
aluminum-silicon-magnesium-copper-based alloys. As a resuU, they found that when the iron 
content in the alloys increased, when casting foundry goods from molten alloys, the iron 
constituent in the alloy reacted with aluminum and silicon to crystallize into acicular 
aluminum-silicon-iron-based compounds. The amount of these compounds increased rapidly in 
the vicinity of the final solidification region of the molten metal, such as the center of the thick 
part of the casting, and at the same time it became coarse with crosslinked shape [particles] 
which obstructed the subsequent supply of mohen alloy to the region. This causes the generation 
of crack-like shrinkage voids, or the generation of aggregates of fine continuous hnear shrinkage 
voids, which in tum cause deterioration of the pressure resistance of castings. 

As a representative example, (a), (b), (c), and (d) of Figure 1 illustrate the experimental 
relationship between the generation of shrinkage voids and the iron content in the 
aluminum-silicon-magnesium-copper-based alloy casting. 

At the time of the experiment, molten aluminum alloys containing 6.5% silicon, 0.3% 
magnesium, 3.0% copper, and varying iron content were cast in theta [transliteration] molds and 
then the presence of shrinkage voids was investigated by color check of the cross section of the 
ingot. 

From Figure 1, it is clear that for alloy (a) whose iron content is 0.05%, the solidification 
shrinkage at the bottom, which is the last part of the ingot to solidify, is roundish, the 
solidification is complete, and there are almost no shrinkage voids. However, when the iron 
content is 0.22% as in alloy (b), there are small and fine crack-like shrinkage voids and many fine 
linear shrinkage voids; and when the iron content of the alloy increases further to 0.36% (as in 
alloy (c)) and 0.65% (as in alloy (d)), the number and size of the shrinkage voids in the 
solidification shrinkage at the bottom increase, and some of these shrinkage voids become 
interconnected. 

According to the experiments carried out by the present inventors, this relationship is not 
limited to alloys having the above-mentioned compositions, but it is a common tendency in 
aluminum-silicon-magnesium-based alloys and aluminum-silicon-magnesium-copper-based 
alloys of any compositions for practical casting. Therefore, for actual castings manufactured from 
these alloys, by surface processing after casting, these shrinkage void defects can easily be 
exposed on the surface, and liquid and gas can flow to the outside through these defects, thus 
when castings manufactured using these alloys are used in pressure-resistant components, their 
pressure resistance can be impaired. 
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In view of the above-mentioned fact, the present inventors carried out extensive study to 
overcome these problems, and as a result they found that when an adequate amount of calcium 
was added to aluminum-silicon-magnesium-based alloys or aluminum-silicon-magnesium- 
copper-based alloys containing a large amoimt of iron, the generation of interconnected 
crack-like shrinkage voids and fine linear shrinkage voids can be reduced remarkably, thereby the 
pressure resistance of castings can be further improved. 

Means to solve the problems 

That is, the present invention is aluminum alloys with excellent pressure resistance for 
casting, which are composed of 4-13 wt% silicon, 0.1-2 wt% magnesium, 0.001-0.01 wt% 
calcium and, if necessary, contain 5 wt% or less copper, 1 wt% or less manganese and 3 wt% or 
less nickel, and the balance is aluminum and impurities, the iron content in the impurities is 
0.2-0.8 wt%. 

Operation 

According to the present invention, when the iron content in the alloys is approximately 
0.8%, calcium is added so that the calcium content in the alloys is 0.001-0.01%, then in 
traditional practical aluminum-silicon-magnesium-based alloy castings or aluminum-silicon- 
magnesium-copper-based alloy castings, the drop in pressure resistance based on the iron content 
in the alloys can be prevented without impairing other excellent characteristics \mique to the 
alloy castings, but the strength and toughness are improved. Therefore, even when scrap base 
metal or secondary base alloys containing a large amount of iron are used in foundries, foundry 
goods requiring excellent pressure resistance, such as engine non-block parts of automobiles, 
ships, etc., can be cast without adjusting the iron content in the metals, thus it is very effective. 

Next, the functions of the addition of each element to the alloys and the reasons for 
limiting their content will be explained. 

The addition of 4.0-13% silicon is to strengthen the alloy matrix and it has the effect of 
improving the flow characteristics of the molten alloys, shrinkage void, and foundry flaws. When 
it is less than 4.0%, the effect is minor, whereas when it is greater than 13%, the decrease in 
toughness and thermal impact resistance is remarkable. 

The addition of 0.1-2% magnesium has the effect of strengthening the alloy matrix by 
precipitation of Mg2Si in the alloy structure after heat treatment. When it is less than 0.1%, the 
effect is minor, whereas when it is greater than 2%, the elongation is small and the castability 
decreases. 
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The addition of 5% or less copper imparts remarkable strength to the cast alloy by aging 
hardening when heat treatment was carried out, but the addition of greater than 5% reduces the 
elongation and impairs the toughness of the alloy. 

The addition of 1% or less manganese and 3% or less nickel can impart heat resistance to 
the casting. However, when the amount of manganese added exceeds 1%, the manganese added 
reacts with aluminum, silicon, and iron impurities to form 

aluminum-manganese-silicon-iron-based coarse acicular compounds which reduce the toughness 
of the casting. When the amount of nickel added exceeds 3%, aluminum-nickel-based coarse 
compounds are formed and they also bring about reduction of toughness of the casting. 

Li the present invention, 0.001-0.01% calcium is added to aluminimi-silicon- 
magnesium-based alloys or aluminum-silicon-magnesium-copper-based alloys having the 
above-mentioned compositions and, if necessary, the alloys further contain copper, manganese, 
and nickel; and as mentioned before, the function of calcium in the above-mentioned content is 
to prevent a drop in pressure resistance caused by the increase of shrinkage void defects in cast 
alloy products due to the iron content in the two types of alloys. When the calcium content is less 
than 0.001%, the effect of the addition of calciimi is minor, whereas when it is greater than 
0.01%, the fluidity of molten alloys is reduced so that molten alloy blocks easily form in the 
casting, thus it is difficult to obtain a sound product. 

The range of iron content in alloys with improvement of pressure resistance due to the 
addition of calcium is limited to 0.2-0.8%. 

The reason is because there is no problem in the pressure resistance of cast alloy when the 
iron content is less than 0.2%, however, when the iron content is greater than 0.8%, a sufficient 
improvement of pressure resistance cannot be obtained even by the addition of calcium. 

For the preparation of alloys of the present invention, methods which are generally used 
with these types of alloys can be used, and for the addition of calcium, either calcium metal, 
aluminiun-calcium alloys, or calcium-containing fluxes can be used. 

When the alloys of the present invention are cast for manufacturing various foundry 
articles, the cast structure in this kind of alloy is oflen improved by treating the alloys with 
sodium or strontium, and the [grain] refining treatment of the alloys is carried out with titanium, 
boron, etc. The presence of these metals added to the alloys do not hinder the effect of the present 
invention as long as these treatments are carried out within the scope of the addition of these 
metals using a common method, thus it does not constitute a hindrance. 

Of course the alloys of the present invention are applicable to sand mold casting and 
metal mold casting", and even when they are applied to die casting (which has increased in recent 
years) and low-pressure casting, the pressure resistance of cast products can be improved. 

Next, application examples of the present invention will be shown. 
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Application examples 

Alloys of various compositions shown in Table 1 were prepared. At pouring temperature 
720*^C and mold temperature 200^C, they were cast in a JIS ship bottom metal mold and a theta 
mold, thereby specimens for testing strength, elongation, and for observing shrinkage voids were 
prepared. The calcium in the alloys was added using an aluminum-5% calcium master alloy. The 
strength and elongation were measured after the specimen was kept at 500**C for 6 h, followed by 
water quenching, and annealing at 180°C for 6 h (To treatment). 

As to the observation of shrinkage voids, the cast alloy which was cast in a theta mold 
was divided into two in the vertical direction, and the divided surface was smoothed by 
machining, then it was color-checked for investigating the presence of shrinkage voids. The 
results are shown in Table 1. With reference to the experimental results shown in Figure 1, the 
observation results of the shrinkage voids were classified as rank A as in (a), in which harmful 
shrinkage voids were not observed, rank B as in (b), rank C as in (c), and rank D as in (d), in the 
order of increasing shrinkage voids. 



Table 1 
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Key: 1 Sample No. 

2 Chemical composition 
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3 


Strength 


4 


Elongation 


5 


Rank of shrinkage void 


6 


Remarks 


7 


Balance 


8 


Comparative example 


9 


The first invention 


10 


The third invention 


11 


The second invention 


12 


The fourth invention 


13 


*: Expressed in ppm. 



From the results of Table 1, it is clear that in traditional aluminum-silicon- 
magnesium-based alloys (Sample Nos. 1-4) and aluminum-silicon-magnesium-copper-based 
alloys (Sample Nos. 10-12) containing no calcium, when the iron content is low, the shrinkage 
void rank is A which has no problems (Sample No. 1). However, when the iron content exceeds 
0.2% (Sample Nos. 2-4 and 10-12), harmful shrinkage voids are observed as the amount of 
harmful substance increases in B, C, and D, and harmful shrinkage voids increase, causing a 
problem with pressure resistance of cast articles manufactured using these alloys. However, in 
the first to the fourth alloys (Sample Nos. 5-9 and 13-17) of the present invention in which the 
amount of calcium added was within the scope of the present invention, there were no harmful 
shrinkage voids (rank A), even when the iron content exceeded 0.2%, thus the alloys of the 
present invention have excellent pressure resistance. 

From the results of the measurement of strength and elongation, it is clear that both the 
strength and elongation of alumimun-silicon-magnesium-based alloys and aluminum- 
silicon-magnesium-copper-based alloys of the present invention are improved, and the 
mechanical properties, especially the toughness, are excellent when compared with those of 
traditional alloys having compositions of siUcon, magnesium and copper identical to those of the 
above-mentioned alloys of the present invention. 

Effect 

As mentioned above, the cast articles manufactured by casting aluminum alloys of the 
present invention which can be obtained by adding an adequate amount of calcium to traditional 
aluminum-silicon-magnesium-based alloys or aluminum-silicon-magnesium-copper-based alloys 
do not have shrinkage voids irrespective of the increase of iron content in the alloys. Therefore, 
they have"excellMtl)ressuf^ tesistajiice'arid, theirsttength and toughness areimproved 

so that they are most suitable for casting parts of engines of automobiles and ships, hydrauHc 
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containers, and other items, Such as non-block mechanical parts, which require pressure 
resistance. 

In foundries, at the time of mixing scraps with secondary alloys, the preparation of alloy 
ingots can be carried out without bothering to adjust the iron impurity content, thus it is very 
efficient and economic. 

Brief description of the figures 

Figure 1(a), (b), (c), and (d) are samples for observing the shrinkage void by color check 
for showing the relationship between the shrinkage void generation and iron content in traditional 
aluminum-silicon-magnesiimi-copper-based alloys. At the same time, these samples also show 
the ranks which indicate the degree of generation of shrinkage voids. The quantity of shrinkage 
voids increases in the order of A, B, C, and D. 




Figure 1 

Key: 1 Rank 



